Improvement of energy-resolution and spatial-resolution has become possible by development of electron-gun monochromators and objective-lens Cs-correctors, respectively. However, their diffusion seems to be slow due to their high costs. On the other hand, an electron energy-loss spectrum (EELS) or a high-angle annular darkfield (HAADF) image of scanning transmission electron microscope (STEM) will be described by a convolution of an ideal spectrum or a scattering object with an instrument function. Therefore, a process of deconvolution will function as a monochromator for EELS or a Cs-corrector for STEM-HAADF. In this report, we will present some results obtained with indirect iterative deconvolution procedures based on the maximumentropy method (MEM) [1] and the Richardson-Lucy algorithm (RLA) [2] .
On the other hand, the STEM-HAADF signal is believed to be generated by electrons suffered from thermal diffuse scattering (TDS). Thus, using an absorption potential representing TDS electrons scattered into a HAADF detector, a HAADF image as a function of the probe position r p will be described as follows [4] :
where p 3 (r, z) is a probe function propagating along the z direction, and o 3 (r, z) a three-dimensional TDS HAADF absorption potential. When we can assume a single TDS event and no significant change of the probe shape within the sample, the observed HAADF image is described by the probe function p(r) and the HAADF object function o(r):
Here, we may note that this equation is actually a cross-correlation, and it becomes a convolution integral only when the probe function is symmetric.
Since deconvolution tries to recover high-frequency information attenuated by an instrument function, the result of deconvolution becomes shaper than the experimental observation. Thus, deconvolution will usually amplify noise under the presence of noise. Contrary to this, both MEM and RLA deconvolution procedures will not amplify noise so much and can suppress an effect from un-physical high-frequency noise. For this purpose we will reduce un-physical noise by convoluting an observed data with a narrow smooth function, say a Gaussian, before performing deconvolution. Then, this artificially blurred data will be deconvoluted by an instrument function convoluted by the same smoothing function. This technique is especially useful for STEM-HAADF, since a signal-to-noise ratio of a HAADF image is rather low. Figure 1 shows a result of deconvolution of a STEM-HAADF image obtained by using JEOL 2010F. Here, we apply pre-convolution, and the deconvoluted image shows faint spots extend to 13 nm -1 . Contrary to HAADF images the signal-tonoise ratio of an EELS is usually high, and thus pre-convolution will not affect the result of deconvolution [5] . However, Fig. 2 shows that pre-convolution can reduce electron dose to take an EELS by one order of magnitude without affecting the result of deconvolution.
We may note that deconvolution shown here will be useful even for the data obtained from a microscope equipped with a monochromator and/or Cs-corrector, since an energy width and a probe shape will never become a delta function. All the results shown in this report were obtained by using DeConvEELS [5] and
